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Three-component reactionAbstract A simple and facile one-pot three-component synthesis of 5-substituted 1H-tetrazole
derivatives from aldehydes catalyzed by doped nano-sized Cu2O on melamine–formaldehyde resin
(nano-Cu2O–MFR) is described. In this protocol, treatment of structurally diverse aldehydes,
hydroxylamine hydrochloride and tetrabutylammonium azide (TBAA) as an azide source in the
presence of nano-Cu2O–MFR as an efficient heterogeneous nano-catalyst affords the correspond-
ing 5-substituted 1H-tetrazoles in good to excellent yields. The influence of different parameters on
the progress of reaction was studied. The nano-Cu2O–MFR is a cheap and stable nano-catalyst that
could be easily prepared, recycled and reused for many consecutive reaction runs without significant
decrease in its activity.
 2016 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Tetrazoles as one of the most important synthetic heterocyclic
compounds exhibit numerous applications in different areas ofsciences especially in chemistry, material, and medicinal
sciences [1]. These nitrogen-rich heterocycles have important
roles as ligands [2], information-recording systems [3], explo-
sives [4], propellants [5], stabilizers in photography [6], and
anti-wears [7]. The tetrazole functionality can be served as
bioisosteric replacement of carboxylic acid moiety [8,9]. The
presence of tetrazolyl moiety was found to improve the cell
permeability, in vivo half-life, and bioavailability of a drug
molecule since tetrazoles exhibit higher lipophilicity than their
corresponding isosters (i.e.: carboxylic acids) and also good
metabolic stability [10,11]. Tetrazoles have displayed impor-
tant pharmacological and biological properties such as
Synthesis of 5-substituted-1H-tetrazoles 221anticancer [12], antiviral [13], anti-HIV [14], anti-inflammatory
[15], antifungal [16], and antibacterial [17] activities. In addi-
tion, tetrazolyl moieties are present in the structures of several
famous drugs such as candesartan, losartan, valsartan, and
zolarsartan [18,19].
Due to the widespread applications of tetrazole derivatives,
a great deal of efforts have been devoted toward the develop-
ment of various preparative methods for establishing numer-
ous tetrazole derivatives [20,21]. Among them, [3+2]-
cycloaddition reaction between nitriles and an azide source is
the most extensively used procedure to access 5-substituted
1H-tetrazoles. In 2001, Demko and Sharpless developed a
cycloaddition reaction between organic nitriles and sodium
azide catalyzed by ZnBr2 [21]. Since then, many homogeneous
and heterogeneous catalysts were developed to promote [3+2]-
cycloaddition of nitriles with an azide source [22]. Although a
plenty of these methods are efficient and effective for synthesis
of 5-substituted 1H-tetrazole derivatives, some nitriles as the
key starting materials are fairly expensive, toxic and not read-
ily available which in turn restricts the applicability of these
methods. Therefore, the use of more available, less toxic,
and cheap starting materials for efficient synthesis of
5-substituted 1H-tetrazoles is of great significance.
In view of the availability, wide diversity, lower toxicity,
and ease of handling of aldehydes compared with nitriles,
the direct application of aldehydes for synthesis of
5-substituted 1H-tetrazole derivatives would be a highly
attractive and advantageous strategy. In this connection, the
direct conversion of aldehydes to the corresponding tetrazoles
via [3+2]-cycloaddition reaction has been reported by the use
of aqueous ammonia [23] or acetohydroxamic acid [24] for the
in situ generation of the prerequisite nitriles and/or oximes.
Heravi and co-workers have reported the click synthesis of
5-substituted 1H-tetrazoles via three-component reaction of
aldehydes, hydroxylamine hydrochloride, and [bmim]N3 in
the presence of Cu(OAc)2 [25]. Recently, Abdollahi-Alibeik
and Moaddeli reported the use of Cu-MCM-41 nanoparticles
for three-component reaction of various aldehydes, hydroxy-
lamine hydrochloride, and NaN3 to afford the corresponding
5-substituted 1H-tetrazoles [26]. The utilization of aldehydes
in synthesis of 5-substituted 1H-tetrazoles through a multi-
component process, not only provides the advantageous men-
tioned above, but also affords various attractive features such
as atom economy, ease of operation, lower environmental
costs, and quantitative yields [27].
Nowadays, it is well established that heterogeneous cata-
lysts offer many advantages from both economic and environ-
mental points of view. The immobilization of the active speciesN
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Figure 1 The schematic view for potential hostion the heterogeneous supports often leads to thermal stability
of the catalyst, ease of handling, mild reaction conditions, sim-
ple experimental procedures, minimization of the chemical
wastes, recyclability and reusability of the catalyst [28].
Although heterogeneous catalysts effectively have been applied
in a wide range of organic reactions, there are a few reports on
the application of heterogeneous catalysts in direct synthesis of
5-substituted 1H-tetrazoles from aldehydes [26]. Hence, the
development of efficient heterogeneous catalytic systems for
promotion of such a three component reaction is highly
demanded.
From the structural point of view, melamine–formaldehyde
resin (MFR) contains the electron-deficient triazine cores. The
presence of multi-coordinating nitrogen atoms as well as
spaces between the triazine cores capable the MFR to form
hydrogen bonds with substrates present in these cavities. Thus,
the MFR can be applied as a valuable solid support for
absorbing different metal salts. Moreover, the triazine cores
in MFR potentially can generate p–p* interaction between
reactants and triazine cores. In general, these properties pro-
vide suitable binding sites for reactants in MFR which
improved the performance of the MFR-based catalysts in com-
parison with other catalysts. The schematic view for potential
hosting of cation and anion by MFR is shown in Fig. 1.
Previously, we have reported the synthesis and application
of doped nano-sized Cu2O on melamine–formaldehyde resin
(nano-Cu2O–MFR) as a novel and highly efficient heteroge-
neous catalyst in click synthesis of 1,4-disubstituted 1H-
1,2,3-triazoles having antibacterial activity [29]. In an effort
to discover the new applications for nano-Cu2O–MFR in
organic synthesis and also in continuation of our research
interest in developing new synthetic methods for preparation
of 5-substituted 1H-tetrazoles [22,30] as well as multi-
component reactions [31–34], we now report a simple and
convenient protocol for click synthesis of 5-substituted
1H-tetrazole derivatives from one-pot three-component reac-
tion of structurally diverse aldehydes, hydroxylamine
hydrochloride, and tetrabutylammonium azide (TBAA) as an
azide source in the presence of nano-Cu2O–MFR as a highly
efficient heterogeneous catalyst at 100 C in DMF (Scheme 1).
2. Experimental
2.1. General
All chemical reagents were purchased from Fluka, Merck or
Sigma–Aldrich. nano-Cu2O–MFR [29], Cu-MCM-41 [26],N
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Scheme 1 Three-component reaction of aldehydes, hydroxylamine hydrochloride and TBAA in the presence of nano-Cu2O–MFR.
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Reactions were followed by TLC using SILG/UV 254 silica-
gel plates. Column chromatography was performed on silica
gel 60 (0.063–0.200 mm, 70–230 mesh; ASTM). Melting points
were measured using Electrothermal IA 9000 melting point
apparatus in open capillary tubes and are uncorrected. IR
spectra were obtained using a Shimadzu FT-IR-8300 spec-
trophotometer. 1H and 13C NMR spectra were recorded on
Bru¨ker Avance-DPX-250/400 spectrometer operating at
250/62.5 and/or 400/100 MHz, respectively. Chemical shifts
are given in d relative to tetramethylsilane (TMS) as an inter-
nal standard, coupling constants J are given in Hz. Abbrevia-
tions used for 1H NMR signals are: s = singlet, d = doublet,
t = triplet, m = multiplet, br = broad. GC/MS was per-
formed on a Shimadzu GC/MS-QP 1000-EX apparatus (m/z;
rel.%). Elemental analyses were performed on a Perkin–Elmer
240-B micro-analyzer.
2.2. General procedure for one-pot three-component synthesis of
5-substituted-1H-tetrazole
To a double-necked round bottom flask equipped with a con-
denser was added a mixture of aldehyde (10 mmol), hydroxy-
lamine hydrochloride (12 mmol), TBAA (15 mmol) [CAS
NO: 993-22-6], and nano-Cu2O–MFR (0.3 g) in DMF
(10 mL) and the mixture was heated at 100 C. After comple-
tion of the reaction as indicated by TLC monitoring (Table 4),
the reaction mixture was cooled to room temperature. After
that, the catalyst was separated using a sintered-glass funnel.
The solvent was then removed and the residue was treated with
5 N HCl to reach pH= 3. The tetrazole derivatives were pre-
cipitated filtered and purified by recrystallization in a mixture
of water and ethanol.
2.2.1. 5-Phenyl-1H-tetrazole (4a)
White solid; yield: 1.34 g (92%); mp 216–217 C (Lit. [24] 215–
216 C); IR (KBr): 3451, 3060, 1643, 1560, 1472 cm1; 1H
NMR (250 MHz, DMSO-d6): d= 8.07–8.04 (m, 2 H), 7.49–
7.45 (m, 3 H); 13C NMR (250 MHz, DMSO-d6): d= 154.19,
129.52, 127.68, 125.64, 123.07; MS (EI): m/z (%) = 146
(12.8) [M+]; Anal. Calcd for C7H6N4: C, 57.53; H, 4.14; N,
38.34. Found: C, 57.59; H, 4.23; N, 38.41.
2.2.2. 5-(4-Chlorophenyl)-1H-tetrazole (4b)
Brown solid; yield: 1.64 g (91%); mp 265–266 C (Lit. [24]
264–266 C); IR (KBr): 3438, 3054, 1615, 1567, 1462,
1087 cm1; 1H NMR (250 MHz, DMSO-d6): d= 8.15 (d,
J= 8.3 Hz, 2 H), 7.41 (d, J= 8.3 Hz, 2 H); 13C NMR
(250 MHz, DMSO-d6): d= 155.79, 135.06, 129.38, 128.45,124.51; MS (EI): m/z (%) = 180 (15.1) [M+]; Anal. Calcd
for C7H5ClN4: C, 46.55; H, 2.79; N, 31.02. Found: C, 46.63;
H, 2.87; N, 31.13.
2.2.3. 5-(4-Nitrophenyl)-1H-tetrazole (4c)
Yellow solid; yield: 1.68 g (88%); mp 219–220 C (Lit. [24]
218–219 C); IR (KBr): 3460, 3100, 1609, 1552, 1447,
1352 cm1; 1H NMR (250 MHz, DMSO-d6): d= 8.29
(d, J= 8.6 Hz, 2 H), 7.83 (d, J= 8.6 Hz, 2 H); 13C NMR
(250 MHz, DMSO-d6): d= 153.92, 146.74, 126.70, 115.19,
113.64; MS (EI): m/z (%) = 191 (14.5) [M+]; Anal. Calcd
for C7H5N5O2: C, 43.98; H, 2.64; N, 36.64. Found: C, 43.88;
H, 2.72; N, 36.77.
2.2.4. 5-(4-(Trifluoromethyl)phenyl)-1H-tetrazole (4d)
White solid; yield: 1.92 g (90%); mp 222–223 C (Lit. [36] 220–
221 C); IR (KBr): 3428, 3049, 1625, 1540, 1436, 1168 cm1;
1H NMR (250 MHz, DMSO-d6): d= 8.21 (d, J= 8.2 Hz, 2
H), 7.92 (d, J= = 8.2 Hz, 2 H); 13C NMR (250 MHz,
DMSO-d6): d= 155.41, 131.03, 128.53, 127.85, 126.49,
123.92; MS (EI): m/z (%) = 214 (11.7) [M+]; Anal. Calcd
for C8H5F3N4: C, 44.87; H, 2.35; N, 26.16. Found: C, 44.95;
H, 2.42; N, 26.25.
2.2.5. 4-(1H-Tetrazol-5-yl)phenol (4e)
White solid; yield: 1.48 g (91%); mp 235–236 C (Lit. [24] 234–
235 C); IR (KBr): 3423, 3200, 3038, 1650, 1529, 1438,
1028 cm1; 1H NMR (250 MHz, DMSO-d6): d= 9.75 (s, 1
H), 7.78 (d, J= 8.3 Hz, 2 H), 6.84 (d, J= 8.3 Hz, 2 H); 13C
NMR (250 MHz, DMSO-d6): d= 159.29, 132.51, 130.74,
127.41, 114.68; MS (EI): m/z (%) = 162 (14.2) [M+]; Anal.
Calcd for C7H6N4O: C, 51.85; H, 3.73; N, 34.55. Found: C,
51.76; H, 3.81; N, 34.50.
2.2.6. 4-(1H-Tetrazol-5-yl)benzaldehyde (4f)
White solid; yield: 1.42 g (82%); mp 184–185 C (Lit. [36] 184–
185 C); IR (KBr): 3440, 3048, 1720, 1635, 1571, 1453 cm1;
1H NMR1H NMR (250 MHz, DMSO-d6): d= 10.02 (s, 1H),
8.31 (d, J= 8.2 Hz, 2 H), 8.02 (d, J= 8.2 Hz, 2 H); 13C
NMR (250 MHz, DMSO-d6): d= 190.13, 155.39, 137.68,
130.45, 129.61, 127.72; MS (EI): m/z (%) = 174 (10.6) [M+];
Anal. Calcd for C8H6N4O: C, 55.17; H, 3.47; N, 32.17. Found:
C, 55.19; H, 3.51; N, 32.23.
2.2.7. 5-(2-Chlorophenyl)-1H-tetrazole (4g)
Pale-yellow solid; yield: 1.44 g (80%); mp 179–180 C (Lit. [37]
180–181 C); IR (KBr): 3390, 3100, 1623, 1561, 1462,
1037 cm1; 1H NMR (250 MHz, DMSO-d6): d= 7.87 (d,
Synthesis of 5-substituted-1H-tetrazoles 223J= 8.0 Hz, 2 H), 7.74–7.68 (m, 2 H); 13C NMR (250 MHz,
DMSO-d6): d= 154.12, 133.18, 132.42, 132.31, 130.86,
128.45, 124.69; MS (EI): m/z (%) = 180 (16.1) [M+]; Anal.
Calcd for C7H5ClN4: C, 46.55; H, 2.79; N, 31.02. Found: C,
46.42; H, 2.87; N, 31.14.
2.2.8. 5-(3,4-Dimethoxyphenyl)-1H-tetrazole (4h)
Brown solid; yield: 1.94 g (94%); mp 198–199 C (Lit. [24]
198–200 C); IR (KBr): 3441, 3025, 2949, 1640, 1564, 1446,
1180 cm1; 1H NMR (250 MHz, DMSO-d6): d= 7.58 (s, 1
H), 6.90 (d, J= 8.3 Hz, 2 H), 3.86 (s, 6 H); 13C NMR
(250 MHz, DMSO-d6): d= 158.14, 154.87, 150.72, 127.67,
125.28, 118.70, 116.51, 55.48, 55.30; MS (EI): m/z (%) = 206
(17.3) [M+]; Anal. Calcd for C9H10N4O2: C, 52.42; H, 4.89;
N, 27.17. Found: C, 52.31; H, 4.96; N, 27.25.
2.2.9. 5-(Anthracen-9-yl)-1H-tetrazole (4i)
Yellow solid; yield: 2.18 g (89%); mp 271–272 C (Lit. [36]
270–271 C); IR (KBr): 3442, 3058, 1647, 1547, 1436 cm1;
1H NMR (250 MHz, DMSO-d6): d= 8.83 (s, 1 H), 8.35 (d,
J= 8.2 Hz, 2 H), 7.69–7.58 (m, 4 H), 7.39 (d, J= 8.2 Hz, 2
H); 13C NMR (250 MHz, DMSO-d6): d= 153.26, 130.61,
130.47, 129.73, 128.65, 127.80, 125.97, 124.62, 118.16; MS
(EI): m/z (%) = 246 (17.4) [M+]; Anal. Calcd for C15H10N4:
C, 73.16; H, 4.09; N, 22.75. Found: C, 73.05; H, 4.17; N, 22.66.
2.2.10. (E)-5-Styryl-1H-tetrazole (4j)
White solid; yield: 1.42 g (83%); mp 154–155 C (Lit. [24] 154–
156 C); IR (KBr): 3429, 3045, 1631, 1568, 1468 cm1; 1H
NMR (250 MHz, DMSO-d6): d= 7.78 (d, J= 16.4 Hz, 1
H), 7.60–7.55 (m, 2 H), 7.42–7.38 (m, 3 H), 7.20 (d,
J= 16.4 Hz, 1 H); 13C NMR (250 MHz, DMSO-d6):
d= 154.24, 136.21, 133.17, 127.62, 127.18, 125.48, 110.05;
MS (EI): m/z (%) = 172 (9.7) [M+]; Anal. Calcd for
C9H8N4: C, 62.78; H, 4.68; N, 32.54. Found: C, 62.86; H,
4.60; N, 32.43.
2.2.11. 3-(1H-Tetrazol-5-yl)pyridine (4k)
White solid; yield: 1.30 g (88%); mp 242–243 C (Lit. [24] 242–
244 C); IR (KBr): 3471, 3043, 1657, 1534, 1435 cm1; 1H
NMR (250 MHz, DMSO-d6): d= 9.04 (s, 1 H), 8.70–8.65
(m, 1 H), 8.41–8.38 (m, 1 H), 7.49–7.43 (m, 1 H); 13C NMR
(250 MHz, DMSO-d6): d= 154.82, 151.75, 147.71, 134.37,
124.63, 118.34; MS (EI): m/z (%) = 147 (18.7) [M+]; Anal.
Calcd for C6H5N5: C, 48.98; H, 3.43; N, 47.60. Found: C,
48.87; H, 3.56; N, 47.51.
2.2.12. 5-(Furan-2-yl)-1H-tetrazole (4l)
White solid; yield: 1.16 g (85%); mp 208–209 C (Lit. [36] 206–
208 C); IR (KBr): 3430, 3083, 1649, 1545, 1453 cm1; 1H
NMR (250 MHz, DMSO-d6): d= 8.10 (d, J= 5.3 Hz, 1 H),
7.31 (d, J= 5.3 Hz, 1 H), 6.62 (t, J= 5.3 Hz, 1 H); 13C
NMR (250 MHz, DMSO-d6): d= 150.16, 147.35, 142.64,
114.70, 113.85; MS (EI): m/z (%) = 136 (15.8) [M+]; Anal.
Calcd for C5H4N4O: C, 44.12; H, 2.96; N, 41.16. Found: C,
44.23; H, 2.84; N, 41.27.
2.2.13. 5-(Thiophen-2-yl)-1H-tetrazole (4m)
Pale-yellow solid; yield: 1.30 g (86%); mp 204–205 C (Lit. [24]
204–205 C); IR (KBr): 3438, 3074, 1640, 1556, 1437 cm1; 1HNMR (250 MHz, DMSO-d6): d= 7.89 (d, J= 5.1 Hz, 1 H),
7.63 (d, J= 5.1 Hz, 1 H), 7.17 (t, J= 5.0 Hz, 1 H); 13C
NMR (250 MHz, DMSO-d6): d= 152.48, 128.02, 127.74,
127.18, 125.23; MS (EI): m/z (%) = 152 (19.6) [M+]; Anal.
Calcd for C5H4N4S: C, 39.46; H, 2.65; N, 36.82. Found: C,
39.57; H, 2.74; N, 36.91.
2.2.14. 5-(4-Methoxybenzyl)-1H-tetrazole (4n)
Pale-yellow solid; yield: 1.02 g (54%); mp 155–156 C (Lit. [37]
154–156 C); IR (KBr): 3430, 3100, 2951, 1625, 1542, 1434,
1182 cm1; 1H NMR (250 MHz, DMSO-d6): d= 7.22–7.15
(m, 2 H), 6.87–6.83 (m, 2 H), 4.13 (s, 2 H), 3.82 (s, 3 H); 13C
NMR (250 MHz, DMSO-d6): d= 158.21, 154.42, 130.58,
129.85, 115.07, 55.19, 28.14; MS (EI): m/z (%) = 190 (13.4)
[M+]; Anal. Calcd for C9H10N4O: C, 56.83; H, 5.30; N,
29.46. Found: C, 56.92; H, 5.43; N, 29.57.
2.2.15. 5-Butyl-1H-tetrazole (4o)
White solid; yield: 0.68 g (54%); mp 42–43 C (Lit. [36] 42 C);
IR (KBr): 3435, 2965, 2837, 1612, 1560 cm1; 1H NMR
(250 MHz, DMSO-d6): d= 2.95 (t, J= 7.3 Hz, 2 H), 1.74
(quint., J= 7.3 Hz, 2 H), 1.45 (sextet, J= 7.3 Hz, 2 H), 0.92
(t, J= 7.3 Hz, 3 H); 13C NMR (250 MHz, DMSO-d6):
d= 155.67, 29.46, 22.57, 21.63, 13.60; MS (EI): m/z (%)
= 126 (10.2) [M+]; Anal. Calcd for C5H10N4: C, 47.60; H,
7.99; N, 44.41. Found: C, 47.72; H, 8.06; N, 44.53.
3. Results and discussion
The first step of this synthetic approach was started with find-
ing out the optimized reaction conditions. To this end, our pre-
liminary effort was focused on selecting an appropriate solvent
for progress of the reaction. Thus, the reaction of benzalde-
hyde with hydroxylamine hydrochloride and tetrabutylammo-
nium azide (TBAA) in the presence of nano-Cu2O–MFR
(0.03 g, 0.072 mol% of Cu) was selected as a model reaction.
Initially, the effect of different solvents was screened for prepa-
ration of the corresponding 5-phenyl-1H-tetrazole (Table 1).
As the results in Table 1 indicate, the type of solvent has unde-
niable role for reaction progress. In this regard, the model
reaction was not conducted under solvent free condition even
if the reaction time was prolonged up to 48 h (entry 1). As
shown in Table 1, among the different solvents used in these
experiments, the use of DMF at 100 C affords the best results
and thus it was applied for all subsequent reactions (entry 9).
5-Phenyl-1H-tetrazole was yielded in moderate when DMSO
was used (Table 1, entry 5). Other solvents like H2O, EtOH,
and THF were found inappropriate even the reactions were
permitted to be prolonged (Table 1, entries 2–4).
The reaction temperature was another important factor
that affects the progress of the reaction. In this context, the
influence of varied temperatures was studied on the one-pot
three-component reaction of benzaldehyde, hydroxylamine
hydrochloride and TBAA to afford 5-phenyl-1H-tetrazole.
The results are also shown in Table 1 (entry 6–11). As indi-
cated in Table 1, when the reaction was performed at room
temperature no product formation was yielded (entry 6). How-
ever, the yield of 5-phenyl-1H-tetrazole was dramatically
improved when the reaction temperature was increased.
According to Table 1, the best result was obtained when the
model reaction was carried out at 100 C (entry 9). The more
Table 2 Effect of catalyst loading for synthesis of 5-phenyl-1H-tetrazole from benzaldehyde.a
TBAA
nano−Cu2O−MFR (X mol%)
DMF, 100 °C
NH2OH.HCl
N
H
N
NNCHO
Entry nano-Cu2O–MFR (mol%) Time (h) Yield (%)
b
1 – 24 40
2 0.024 20 52
3 0.048 14 68
4 0.072 8 92
5 0.096 8 92
6 0.120 7 90
a Reaction conditions: aldehyde (1 mmol), hydroxylamine hydrochloride (1.2 mmol), TBAA (1.5 mmol), nano-Cu2O–MFR (mol%), DMF
(2 mL).
b Isolated yield.
Table 3 Effect of different copper catalysts for synthesis of 5-phenyl-1H-tetrazole from benzaldehyde.a
TBAA
catalyst
DMF, 100 °C
NH2OH.HCl
N
H
N
NNCHO
Entry Catalyst Time (h) Yield (%)b
1 nano-Cu2O–MFR 8 92
2 CuI 16 73
3 CuO 12 65
4 Cu(OAc)2 12 82
5 CuSO45H2O 14 71
6 Cu-MCM-41 [26] 12 87
7 CDSCS [35]c 12 89
a Reaction conditions: aldehyde (1 mmol), hydroxylamine hydrochloride (1.2 mmol), TBAA (1.5 mmol), catalyst, DMF (2 mL).
b Isolated yield.
c Copper-doped silica cuprous sulfate.
Table 1 Effect of solvents and temperature for synthesis of 5-phenyl-1H-tetrazole from benzaldehyde.a
TBAA
nano−Cu2O−MFR
solvent, Δ
NH2OH.HCl
N
H
N
NNCHO
Entry Solvent T (C) Time (h) Yieldc (%)
1 Solvent freeb 100 48 NRd
2 H2O Reflux 36 Trace
3 EtOH Reflux 36 Trace
4 THF Reflux 24 NR
5 DMSO 100 18 61
6 DMF r.t. 36 NR
7 DMF 80 12 72
8 DMF 90 10 80
9 DMF 100 8 92
10 DMF 110 8 92
11 DMF 120 8 91
a Reaction conditions: aldehyde (1 mmol), hydroxylamine hydrochloride (1.2 mmol), TBAA (1.5 mmol), nano-Cu2O–MFR (0.03 g), solvent
(2 mL).
b The reaction was tested in a sealed tube.
c Isolated yield.
d No reaction.
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Table 4 The synthesized 5-substituted 1H-tetrazoles using nano-Cu2O–MFR.
a
Entry Aldehyde Tetrazoleb Time (h) Yieldc (%)
1
CHO
N
H
N
NN
4a
8 92
2
CHOCl
N
H
N
NNCl 4b
8 91
3
CHOO2N
N
H
N
NNO2N 4c 9 88
4
CHOF3C
N
H
N
NNF3C 4d 9 90
5
CHOHO
N
H
N
NNHO 4e
8 91
6d
CHOOHC
N
H
N
NNOHC 4f
10 82
7 CHO
Cl
N
H
N
NN
Cl
4g 14 80
8
CHOMeO
MeO
N
H
N
NNMeO
MeO
4h
8 94
9
CHO
HN
N N
N
4i
10 89
10
CHO
N
H
N
NN
4j
12 83
11
CHO
N N
H
N
NN
N
4k
12 88
12
CHO
O N
H
N
NN
O
4l
12 85
13
CHO
S N
H
N
NN
S
4m
12 86
14
CHO
MeO HN N
N
N
MeO
4n 15 54
15
CHO
N
H
N
NN
4o
16 50
a Reaction conditions: aldehyde (10 mmol), hydroxylamine hydrochloride (12 mmol), TBAA (15 mmol), nano-Cu2O–MFR (0.3 g), DMF
(10 mL).
b All products were characterized by 1H and 13C NMR, IR, CHN, and MS analysis.
c Isolated yield.
d The reaction was carried out with one equivalent of the other required reactants.
Synthesis of 5-substituted-1H-tetrazoles 225increment in the reaction temperature had no distinguishable
effect on progress of the model reaction (Table 1, entries 10
and 11).
The catalyst loading is another important factor in current
reaction for achieving 5-substituted 1H-tetrazole derivatives(Table 2). As shown in Table 2, the low yield of 5-phenyl-
1H-tetrazole was gained when model reaction was performed
in the absence of a catalyst (entry 1). When 0.01 and 0.02 g
of nano-Cu2O–MFR were elaborated on sample reaction,
moderate yields of 5-phenyl-1H-tetrazole were obtained
226 S. Behrouz(Table 2, entries 2 and 3). The best result was achieved when
the model reaction was carried out in the presence of 0.03 g
of nano-Cu2O–MFR (Table 2, entry 4). A rise in the catalyst
amount showed no upgrading in the model reaction (entries
5 and 6). Therefore, all subsequent reactions were carried
out using 0.03 g of catalyst.
To evaluate the catalytic potency of nano-Cu2O–MFR, the
one-pot three-component reaction of benzaldehydes, hydroxy-
lamine hydrochloride and TBAA was investigated using sev-
eral copper catalysts (Table 3). As indicated in Table 3,
higher yield of 5-phenyl-1H-tetrazole and short reaction time
were obtained with nano-Cu2O–MFR in comparison with
other examined catalysts (entry 1). The use of other copper cat-
alysts also produced 5-phenyl-1H-tetrazole in moderate to
good yields; however, the reaction times need to be extended
(Table 3, entries 2–5). To confirm the potency of nano-
Cu2O–MFR in the present protocol, Cu-MCM-41 [26] and
CDSCS [35] were also applied as the heterogeneous nano-
catalysts under the optimized reaction conditions. In this con-
cern, the product was obtained in 87% and 89% yields after
12 h, respectively (Table 3, entries 6 and 7). Presumably, the
capability of MFR to provide suitable binding sites for reac-
tants has a significant role in reaction progress.
In other experiment, we also screened the effect of NaN3
instead of TBAA under the optimized reaction conditions.
The use of NaN3 was afforded 5-phenyl-1H-tetrazole in 30%Table 5 The reusability of nano-Cu2O–MFR for synthesis of 5-ph
TBAANH2OH.HClCHO
Run No. b Time (
1 8
2 8
3 8
4 10
5 10
a Reaction conditions: aldehyde (1 mmol), hydroxylamine hydrochlorid
(10 mL).
b The entry number corresponds to the trial number.
c Isolated yield.
N
OH
H
nano−Cu2O−MFR N
H
N
N
N
N
H
O
H [Cu]
H+/ H2O
n-Bu4N
Scheme 2 A plausible mechanism presentingyield after 26 h. When the sample reaction was conducted at
reflux condition, the corresponding tetrazole was obtained in
85% yield after 12 h. The low yield of product in the presence
of NaN3 at 100 C can be attributed to the lower solubility of
NaN3 in comparison with TBAA in DMF.
With the optimal reaction conditions in hand, we then
screened the scope and general applicability of the one-pot
three-component reaction of structurally diverse aldehydes,
hydroxylamine hydrochloride and TBAA in the presence of
nano-Cu2O–MFR (Table 4). As shown in Table 4, nano-
Cu2O–MFR proved to be an appropriate nano catalyst for
the efficient synthesis of 5-substituted 1H-tetrazoles via one-
pot three-component reaction of aldehydes, hydroxylamine
hydrochloride and TBAA. The chemistry works well with ali-
phatic, aromatic, and heteroaromatic aldehydes and tolerates
different functional groups. The aromatic aldehydes with
electron-deficient and/or electron-rich substituents were effi-
ciently applied in this protocol to afford excellent yields of
the corresponding 5-substituted 1H-tetrazole derivatives
(Table 4, entries 1–9). The reaction of terephthalaldehyde with
one equivalent of the other required reactants affords the rea-
sonable yield of 4-(1H-tetrazol-5-yl)benzaldehyde (Table 4,
entry 6). Cinnamaldehyde was successfully converted to (E)-
5-styryl-1H-tetrazole under the optimized conditions (Table 4,
entry 10). Different heteroaromatic compounds such as pyri-
dine, furan, and thiophene derivative also underwent thisenyl-1H-tetrazole from benzaldehyde.a
nano−Cu2O−MFR
DMF, 100 °C N
H
N
NN
h) Yield c (%)
92
92
91
89
88
e (1.2 mmol), TBAA (1.5 mmol), recovered nano-Cu2O–MFR, DMF
O
H
[Cu] n-Bu4NN3 N
O
H H
[Cu]
N NHNn-Bu4N
HN
N
N
N
[Cu]
the catalytic action of nano-Cu2O–MFR.
Synthesis of 5-substituted-1H-tetrazoles 227three-component reaction to afford satisfactory results
(Table 4, entries 11–13). The optimized reaction conditions
were also suitable and applicable for different aliphatic aldehy-
des to afford the moderate yields of the corresponding tetra-
zoles (Table 4, entries 14, 15). The steric hindrance affects
the yield and time of the reaction as it is exemplified in the con-
version of 2-chlorobenzaldehyde to 5-(2-chlorophenyl)-1H-
tetrazole (Table 4, entry 7).
The most important superiority of the heterogeneous cata-
lysts in comparison with the homogeneous catalysts is the recy-
clability and the reusability of the catalyst. Thus, the
recyclability and the reusability of nano-Cu2O–MFR were
investigated under the optimized reaction conditions (Table 5).
In this concern, after the completion of the reaction, the cata-
lyst was filtered through a sintered glass funnel and washed
successively with hot ethanol (2  10 mL). The catalyst was
then dried and used for several consecutive runs. Table 5
clearly confirms that nano-Cu2O–MFR is a recoverable and
reusable catalyst without any significant loss of its activity.
In addition, the ICP analysis has demonstrated the reusability
of the catalyst with negligible desorption of copper species
from the catalyst. According to the ICP analysis, the amount
of leached copper from nano-Cu2O–MFR is 0.0015% after
five consecutive runs which is extremely negligible.
Mechanistically, we suggest that the preliminary reaction
of aldehydes with hydroxylamine hydrochloride affords the
corresponding oximes as the key intermediate. The prepara-
tion of oximes was evidently confirmed at the early stage
of the reaction via thin-layer chromatography (TLC) com-
parison of the in situ generated oximes with authentic sam-
ples. Furthermore, the in situ generated oxime was
separated from the reaction mixture and characterized by
1H NMR, 13C NMR, and IR spectroscopy methods. Previ-
ously, the conversion of oximes into nitriles in the presence
of copper catalyst has been reported [38]. Hence, it was
expected that the in situ generated oximes could be converted
to the corresponding nitriles under the optimized reaction
condition. However, no nitrile formation was observed in
the reaction mixture. Thus, it was assumed that the direct
cycloaddition of oxime with TBAA provided the correspond-
ing tetrazole. This assumption was confirmed by the recent
report on the synthesis of 5-substituted 1H-tetrazoles from
oximes and sodium azide in the presence of Cu(OAc)2 [39].
In the same circumstances, we propose that the catalyst
activates the C‚N bond of oxime via co-coordinating with
oxygen atom of oxime. Thus, the nucleophilic attack of azide
ion on the electron-deficient C‚N bond assists the cycload-
dition reaction of TBAA through C‚N bond which after
acidic hydrolysis affords the 5-substituted 1H-tetrazole
(Scheme 2).
4. Conclusions
In conclusion, we described a one-pot three-component proce-
dure for the preparation of 5-substituted 1H-tetrazole deriva-
tives from aldehydes. In this process, reaction of different
aldehydes, hydroxylamine hydrochloride and tetrabutylammo-
nium azide (TBAA) as an azide source in the presence of nano-
Cu2O–MFR in DMF at 100 C affords the 5-substituted 1H-
tetrazoles in good to excellent yields. The thermal and chemi-
cal stability as well as the ease of recovery of nano-Cu2O–MFR allows it to be a highly efficient and suitable heteroge-
neous catalyst for different organic transformations. The mild
reaction conditions, ease of operation, atom economy, mini-
mization of the chemical wastes, using available and cheap
starting materials, recyclability and reusability of the catalyst
make this method attractive for the synthesis of different 5-
substituted 1H-tetrazole derivatives as important potential
biological active heterocyclic compounds.
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